Introduction
This report documents the process of calculating daily suspended-sediment loads (SSL) in the lower Stillaguamish River between November 2013 and September 2015, based on 15-minute discharge and turbidity data collected at the U.S. Geological Survey (USGS) streamflow station at Stillaguamish River near Stanwood, Washington (USGS 12170300). Continuous estimates of suspended-sediment concentrations (SSC) were made based on a regression between measured SSC and turbidity, which were then used to estimate SSLs based on concurrent discharge records.
Discharge and Turbidity
Discharge at the site was tidally-influenced and was estimated using index-velocity methods described in Levesque and Oberg (2012) . Turbidity was collected using a Nephelometric turbidity sensor (DTS-12). Standard USGS protocols were used in the calibration and maintenance of waterquality sensors and the collection of continuous data (Wagner and others, 2006) . All 15-minute data collected at the site are available from the USGS National Water Information System (NWIS) website http://waterdata.usgs.gov/wa/nwis/uv?site_no=12170300.
Sediment Data
Thirteen SSC samples were collected between November 19, 2013, and October 21, 2016 (table  1) using a mix of equal-discharge increment and equal-width increment methods, all of which followed guidelines set out in Edwards and Glysson (1999) . Each SSC sample was analyzed by the Cascade Volcanoes Observation sediment laboratory for total SSC and the fraction of material finer than 0.063 millimeter, referred to here as "fine material." Of the 13 samples, 2 were collected during a period without available turbidity records. Three samples with concurrent turbidity data were collected in the days immediately following the March 22, 2014, State Route 530 (SR 530) Landslide, and were composed of 99 percent fine material. Because turbidity sensors typically are placed high in the water column, they accurately sample variations in the fine sediment, which is usually well-mixed in the vertical. However, turbidity sensors may miss variations in the sand component of the suspendedsediment load, which tends to remain closer to the bed. As a result, these three samples plot in line with other samples in terms of the turbidity-fine SSC relation, but plot low in terms of the turbidity-SSC relation ( fig. 1 ). These three samples were then omitted from the turbidity-SSC regression but retained in the regression between fine SSC and turbidity. In total, 8 measurements were available for the regression between SSC and turbidity, and 11 measurements were available for the regression between fine SSC and turbidity. SSC measurements were made at a range of turbidities covering the full range of turbidities recorded over the 2-year period of record. 
Model Development and Summary
Relations between turbidity and measured SSC were developed and used to estimate SSL following methods presented in Rasmussen and others (2009) . Measured SSC and measured fine SSC show a strong relation with turbidity ( fig. 1 ). The data support either a simple linear relation or a loglinear relation (power law). The power law relation was selected for this analysis primarily based on the desirable property of forcing the regression through the zero-zero point, avoiding unrealistically high SSC estimates during low-flow conditions.
Ordinary least squares (OLS) regression was used to estimate the relation between the log-10 values of turbidity and the log-10 values of SSC. This regression was then re-transformed from logunits to natural units r to estimate SSC and SSL. This retransformation produces log-normal residuals in untransformed space, introducing bias. This bias was accounted for using Duan's (1983) bias-correction factor, which was calculated to be 1.019. The final regression, after retransformation and accounting for the bias correction, was SSC = 6.97 * turbidity 0.786 * 1.019,
where SSC is the suspended-sediment concentration in milligrams per liter, and turbidity in Formazin Nephelometric Units.
This same process was repeated for the relation between the log-10 values of turbidity and the log-10 values of the fine SSC, resulting in a final model of: SSC = 3.365 * turbidity 0.832 * 1.009,
Summary statistics for both regressions are shown in table 2. 
Estimating Daily Suspended-Sediment Load
The application of the regression equations for total and fine SSC was used to produce estimates of the sediment concentration for every 15-minute time stamp with a valid turbidity value. These estimates of concentrations were then converted to SSL by multiplying by the concurrent discharge:
where SSL is the suspended-sediment load, in tons, Q is the discharge, in cubic feet per second, and k is a constant 2.809 * 10 -5 that accounts for unit conversions. For days with complete 15-minute records, estimates of daily loads were computed by summing the individual 15-minute estimates of SSL. Days with minor gaps (less than 10 percent missing) in either the turbidity record or discharge record were filled with linear interpolation to create a complete set of 15-minute estimates (table 3). SSL for days where the turbidity record was more than 10 percent incomplete were estimated using a regression between daily mean discharge and SSL, using the data from the days with complete records (fig. 2) . The period between March 22, and April 15, 2014, was omitted from this regression, because the relation between discharge and SSL was substantially disrupted by sediment input from the SR 530 Landslide. The relation was described using a power law, calculated using OLS regression on the log-transformed values of discharge and SSL, and then retransformed back to untransformed units to estimate SSLs. Duan's (1983) bias correction factor was again calculated to account for retransformation bias. The final regression for total SSL was = 9.362 * 10 −6 * 2.243 * 1.153
and the regression for fine SSL was = 2.802 * 10 −6 * 2.318 * 1.174
where dailySSL and dailySSLfine are the daily suspended-sediment load in tons and daily fine suspended-sediment load, in tons, respectively, and DMD is the daily mean discharge, in cubic feet per second (table 2) .
Although these regressions exclude the several weeks immediately after the SR 530 Landslide, these regressions still are likely to include some influence of sediment input from the landslide, and are not considered valid for estimating daily SSL outside the period of record presented here. In total, there were 20 days when daily SSL was estimated based on discharge, including 2 days in which the discharge was first estimated from a stage-discharge relation. The cumulative SSL during that 20 day period was 310,000 tons, representing about 10 percent of the period of record SSL.
Figure 2.
Graphs showing regression between daily mean discharge and daily suspended-sediment load at Stillaguamish River near Stanwood, Washington (USGS streamgage 12170300). Only data for which complete 15-minute data records were available were used. Data recorded between March 22 and April 15, 2014, were excluded, because the loads were anomalously high due to sediment input from the SR 530 Landslide.
There were 8 days in the period of record for which no estimates of daily mean flow were available. Only 2 of these days were during periods of low discharge and turbidity, and when daily discharge at an upstream streamgage (North Fork Stillaguamish River near Arlington, USGS 12167000) was not changing substantially. Daily SSL in those 6 low-flow days were then estimated using linear interpolation of the SSL based on the days prior and subsequent to the missing days. There were 6 days where SSLs were estimated using linear interpolation, with an estimated cumulative SSL of 700 tons representing less than 0.1 percent of the SSL for the period of record. The remaining 2 days of missing discharge records (January 5-6, 2015) occurred during a period of high and rapidly changing discharges. Daily mean discharges for those 2 days were estimated by constructing an approximate stage-discharge rating curve based on days with complete records. These estimated discharges were then used to estimate the SSLs based on equations (4) and (5).
The period of record in the weeks following the March 22, 2014, SR 530 Landslide is complete, with daily SSL estimated using equations (1) and (2). However, SSC samples collected on March 24, 25, and 27, 2014 , were all composed of 99 percent fine material, indicating that only the silt and clay from the landslide was passing the site (table 1) . For the period between March 24 and 27, 2014, the total SSL was then assumed to be equal to the estimated fine SSL, because no sand was in transport. An SSC sample collected on May 5, 2014, contained 62 percent fines, similar to samples collected before the landslide and most samples collected after this date, indicating that the fine-rich conditions immediately after the landslide were temporary and lasted no longer than about 5 weeks. In the absence of any information about if and when sand from the landslide began to arrive the Stanwood site, all daily SSL after March 27, 2014, were estimated using equation (1) for the daily SSL.
Estimating Uncertainty
Uncertainty in the estimates of SSL was calculated as a function of the uncertainty of the parameters estimated from OLS regression. For days with complete 15-minute data, the uncertainty of each 15-minute estimate was propagated into the daily estimate using the methods described in Gilroy and others (1990) . Uncertainty of the annual estimates also was propagated using these methods. All uncertainties are presented as 95 percent prediction intervals.
Results
Over the nearly 2-year period of record, the cumulative SSL at the Stanwood site was 2.9 ± 0.4 million tons, of which approximately 1.8 ± 0.1 million tons (about 65 percent) was fine material less than 0.063 millimeter in diameter ( fig. 3, tables 3 and 4) . Annual SSL in both water year 2014 and water year 2015 were around 1.4 ± 0.2 million tons. Although the period of record does not include the first 6 weeks of water year 2014, the period of record encompasses all major high-flow events, and the underestimate of the annual SSL is not likely to be large. The magnitude of daily SSL ranged from -56 tons, when tidal flow moved more sediment upstream than downstream, to 121,000 tons during high flows on November 4, 2014. 
Summary
Continuous records of discharge and turbidity were paired with discrete measurements of suspended-sediment concentration in order to estimate suspended-sediment loads in the lower Stillaguamish River over water years 2014 and 2015. Annual suspended-sediment loads for the 2 water years were both around 1.4 ± 0.2 million tons and were dominated by transport during large autumn and winter storms.
